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INTRODUCTION
Conservation efforts are directed at preserving the existing genetic variation within endangered species (Lynch 1996) . There are three basic measures of genetic variation: heterozygosity within individual genomes, allelic variation among individuals within a population, and allele frequency differences among populations. Genetic variation plays a critical role in the ability of populations to respond to changing environments, and thus it likely plays an important role in the survival and adaptability of species.
The Green Turtle Chelonia mydas is listed as Endangered in the IUCN Red List of Threatened Animals (Seminoff 2004) . Knowledge of population structure is important in defining conservation priorities for this endangered species. Mitochondrial DNA (mtDNA) is often used to assess genetic diversity, population structure and migration patterns of sea turtles (Bjorndal et al. 2005; Formia et al. 2006; Naro-Maciel et al. 2007; Bowen & Karl 2007; LeRoux et al. 2012) . Microsatellite loci have also been used to assess genetic variation within populations (FitzSimmons et al. 1995; Gullberg et al. 1997; Lee 2008 ) and among populations (DeWoody & Avise 2000) . Microsatellite markers are ideal for studies of genetic diversity because of their high frequency in the genome, high polymorphism, co-dominance and the cost-effectiveness of analysis. Because microsatellites are bi-parentally inherited they can reveal patterns of sexbiased gene flow, especially when used in combination with mtDNA (FitzSimmons et al. 1997) . Even DNA from degraded or poorly preserved specimens may contain a sufficient number of copies of a short microsatellite target sequence suitable for amplification (Queller et al. 1993) . The earliest sea turtle microsatellite markers developed by FitzSimmons et al. (1995) and FitzSimmons (1998) are particularly well-used, with some loci having been applied to almost all of the sea turtle species studied using microsatellites (Lee 2008) . Many new microsatellite markers have been developed for Green Turtles recently (Dutton & Frey 2009; Frey et al. 2013) . Most of the studies use both mtDNA and microsatellite analysis to improve knowledge of the genetic diversity of sea turtles (Naro-Maciel et al. 2008; Yilmaz et al. 2011; Bagda et al. 2012) .
Genetic studies have not been conducted for any of the five species of sea turtles nesting in Sri Lanka, although many studies have examined genetic structure of Green Turtles in the Indian Ocean (Karl et al. 1992; Dethmers et al. 2006; Bourjea et al. 2007; Dethmers & Baxter 2010) . Dethmers et al. (2006) examined the mtDNA variation across 27 Green Turtle rookeries in Australasia and recorded 17 genetically distinct breeding stocks, regarded as management units, consisting either of individual rookeries or groups of rookeries separated by more than 500km. Bourjea et al. (2007) used mtDNA variation to analyze the genetic structure of southwestern Indian Ocean Green Turtle populations and detected gene flow from the Atlantic Ocean into the Indian Ocean via the Cape of Good Hope. The current study investigated the genetic diversity of the Green Turtle population nesting at Kosgoda Rookery using microsatellites. Although more than 90% of the nests recorded at Kosgoda Rookery are of Green Turtle (Ekanayake et al. 2008) its population is small compared to other rookeries in the world with a mean of 298.4 annual nests (Ekanayake et al. 2010) , among which about half of the hatchlings show multiple paternity (Ekanayake et al. 2013a) . Assessing the genetic diversity among and within individuals of this nesting population will provide important information for defining conservation priorities for this endangered species. This information is important in developing global, multiscale regional management units as highlighted in Wallace et al. (2010) describing the complexities in sea turtle population structures and thus providing a flexible, dynamic framework for evaluating threats, identifying high diversity areas and most importantly bridging data gaps.
Kosgoda Turtle Rookery (6.550000 N & 80.033333 E) on the southwestern coast of Sri Lanka (Fig. 1) hosts the second largest Green Turtle rookery in Sri Lanka, with year-round nesting. We collected tissue samples from nesting females after they had completed the nesting process. A small area in one of the front flippers was cleaned with 95% ethanol and a skin scraping (~0.5cm 2 ) was taken using a sterile surgical blade. Samples were stored in 1.5ml centrifuge tubes containing 95% ethanol. The tag number was noted if the female had already been tagged, or a new tag was placed to ensure the same female was not sampled multiple times. Permission to collect tissue samples was obtained from the Department of Wildlife Conservation (DWC), Sri Lanka.
Extraction of genomic DNA and amplification of microsatellites
Approximately 0.1g of skin tissue from each sample was placed on a glass plate and cut into small pieces using a sterile surgical blade. The tissue was placed in 500μl of a 5% aqueous suspension of Chelex ® (BioRad, Richmond, U.S.A.) in 1.5ml Eppendorf tube and incubated for three hours at 55 0 C with continuous shaking. Samples were vortexed for 30s and placed in a heating block at 95 0 C for
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five minutes. After centrifugation at 11,600g (RCF) for five minutes, the supernatant containing extracted DNA was removed and stored at -20 0 C. Six di-nucleotide microsatellite loci, Cm3, Cm58, Cm72, Cm84, Cc117 (FitzSimmons et al. 1995) and Cc7 (FitzSimmons 1998), were amplified by polymerase chain reaction (PCR). Four of these loci (Cm3, Cm58, Cm72, and Cm84) were developed from Green Turtle DNA (FitzSimmons et al. 1995) and the remaining two (Cc117, Cc7) were from Loggerhead Turtle DNA (FitzSimmons et al. 1995; FitzSimmons 1998) 
Polyacrylamide gel electrophoresis
Amplified products were separated by electrophoresis on a 6% denaturing polyacrylamide gel. To denature the samples, 1.5µl of loading buffer was mixed with 10µl of PCR product and incubated at 95 0 C for five minutes. Tubes were then immediately placed on ice for rapid cooling. The samples were loaded and the gel (48cm) was run at 1,400v for three hours at 45-50 0 C using a 20bp DNA ladder as a size standard (Bangalore Genei, Pvt Ltd. India). Gels were fixed with 100ml of 5% acetic acid for 20 minutes with gentle shaking, washed twice with distilled water and stained with 0.4% silver nitrate for 20 minutes, then washed in distilled water. DNA bands were visualized after developing the gels in 3% NaOH. A solution of 5% acetic acid was added to prevent further development. The size of the DNA bands was determined using a gel documentation system (Bio-Vision, Germany, 3000-WL/26M) and Vision-Capt (Version 14.3) software.
Alleles of approximately one bp difference in size were scored to the nearest even number.
Data analysis
The number of alleles for each locus was determined, and the mean number of alleles per locus and the allele frequencies for each locus were calculated. Deviations from Hardy-Weinberg equilibrium (HWE) and heterozygosity (observed and expected) for each locus were calculated by the Markov chain method, following the exact test of Guo & Thompson (1992) with 1,000,000 forecasted chain length and 100,000 dememorization steps using Arlequin software (Version 3.1, Excoffier, Laval, Schneider, 2005) . Estimates of within population structure (fixation indices, F IS ), analysis of molecular variance (AMOVA, Excoffier et al. 1992) , measures of genetic diversity, and tests of pairwise linkage disequilibrium (Slatkin & Excoffier 1996) were also calculated using Arlequin software. The microsatellite data were analysed using the software Micro-Checker (Version 2.2.3) to check for null alleles (van Oosterhout et al. 2004) .
RESULTS
All microsatellite loci were highly polymorphic (Table 1) . A total of 149 alleles were observed for the six microsatellites (Fig. 2) . The most polymorphic locus was Cm72, with 40 alleles, and the least polymorphic was Cm58, with 15 alleles (Fig. 2) . The mean number of alleles per locus was 24.7. Although there were predominant alleles observed in all loci, no allele had a frequency of greater than 20%. A high proportion of uncommon (< 5% occurrence) alleles were observed at each locus, ranging from 46.7% (at Cm58) to 85.0% (at Cm72) of alleles (Fig.  2) . The mean observed and expected heterozygosity across all loci was 0.75 (range 0.66-0.86) and 0.93 (range 0.89-0.97), respectively ( expected for all the loci, suggesting possible inbreeding. Hence, about 20% of the population would be expected to have both alleles derived from inbreeding at one locus at least; however, the observed heterozygosity may be an underestimation due to the presence of null alleles. Therefore, data were analyzed using Micro-Checker software that detects the occurrence of null alleles. All loci, except Cm58, have null alleles (Table 2 ) therefore this population is possibly in HWE.
The mean gene diversity, as estimated by Arlequin, over all six loci was 0.65 (± 0.36, SD). The nested analysis of molecular variance (AMOVA) was calculated (average Pairwise significance linkage disequilibrium (p<0.05) was observed for many pairs of loci (Table 3) . Number of alleles (A) and observed heterozygosity (H) are shown. * Expected heterozygosity; GBR = Great Barrier Reef ** 1 - Robert et al. 2004; 2 -FitzSimmons et al. 1997; 3 -Naro-Maciel et al. 2007; 4 
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DISCUSSION
A high genetic diversity within and among individuals of the Green Turtle population nesting at Kosgoda Rookery was observed. All six microsatellite loci tested were highly polymorphic in the Kosgoda Green Turtle population. According to population genetics theory, a locus is considered polymorphic when the frequency of the most common allele is equal to, or less than, 0.99 (Ahmad et al. 1977) . The mean number of alleles per locus, and the number of alleles per locus, was higher in Green Turtles nesting at Kosgoda when compared with other nesting Green Turtle populations (Table 4) . A population with high genetic diversity has a greater chance of possessing at least some individuals with a genetic constitution that enables survival if new pressures, such as environmental disasters, occur. If genetic diversity is very low, the population is at risk as none of the individuals may possess characteristics that allow adaptation to the new environmental conditions. Such a population could suddenly disappear. Although the nesting Green Turtle population at Kosgoda is not very large, viability of the population in the next few generations is unlikely to be substantially reduced by genetic factors.
Genetic diversity in a population can also be estimated by the mean levels of heterozygosity in addition to the mean number of alleles per locus, or the percentage of polymorphic loci. Heterozygosity is an important measurement of population diversity at the genetic level, and has drawn much attention from ecologists and aquaculturists (Xu et al. 2001) . Conservation of genetic variability is important to the overall viability of populations, because decreased genetic variability leads to increased levels of inbreeding and reduced fitness (Young et al. 1996; Frankham 2006) . When analyzed using Arlequin software, heterozygosity deficiency was observed in the Kosgoda Green Turtle population; however, the mean H o was within the range of many other Green Turtle populations in the world (Table 4) . High levels of heterozygosity in Green Turtle populations has been reported in several studies using microsatellite markers (FitzSimmons et al. 1995; Rico et al. 1996; Norris et al. 1999) . The H o was higher than the H e in most of the population studies by Roberts et al. (2004) . The H o of the Kosgoda population of nesting Green Turtles was less than H e for all six loci based on tests for HWE. Hence, the Kosgoda Green Turtle population appears to deviate from HWE. Deviation from HWE at some microsatellite loci was reported by Roberts et al. (2004) in studies on Green Turtle populations. Reduced heterozygosity is one of the factors contributing to departure from HWE, and may result from one or more factors including the presence of null alleles (Callen et al. 1993; Pemberton et al. 1995; Roberts et al. 2004) , small sample size and inbreeding (Kumar et al. 2006) . Null alleles might occur at microsatellite loci, resulting in weak or absent bands after amplification (O'Connell & Wright 1997) , a disadvantage of microsatellite markers. According to Shriver et al. (1995) the problem of small sample size can be overcome by using multiple independent loci to increase resolution and statistical confidence. Even with arguments for larger sample sizes, a sample size of 15 per location has been determined as sufficient for genetic analyses of sea turtles (including microsatellite surveys; Roberts et al. 2004 ). In the current study, 68 samples were analysed with six microsatellite loci; therefore, the sample size can be considered sufficient to resolve the genetic diversity of the nesting Green Turtle population at Kosgoda.
Although the mean F IS value indicated the heterozygote deficiency, the results of analysis by Micro-Checker, which takes into account the presence of null alleles, suggested that the Kosgoda nesting Green Turtle population was possibly in HWE. Hence, heterozygosity deficiency could be due to the presence of null alleles. The stutter bands cause problems in differentiation between homozygous and heterozygous individuals (Luty et al. 1990; DeWoody et al. 2006 ) and can contribute to high heterozygosity. The Micro-Checker result, however, suggested stuttering might have resulted in scoring errors only in locus Cc117 (Table 2) . Therefore, the contribution of stutters to heterozygosity observed in the present study may be negligible; however, gene flow from outside populations would be beneficial to avoid inbreeding and the future erosion of genetic diversity.
The nest paternity of the Green Turtle population at Kosgoda was analyzed using the same microsatellites for the six loci and reported evidence of multiple paternity with 47% of the clutches are being sired by two (62.5%) or three (37.5%) males (Ekanayake et al. 2013a) . Further, the results of successive clutch analysis show that the dominant father sired 50.0% of the total offspring followed by 33.3% by the second male. Moreover, the study also reported the same paternal alleles at all six loci in successive clutches, suggesting that the male or males that sired the first clutch also sired the others for a given female. This provides evidence for multiple mating with the same male during a nesting season and/or sperm storage. In populations where multiple matings occur, knowledge of its prevalence and effects on paternity distribution within a natural assemblage is critical to
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comprehend population structure. This information can therefore be of great importance to the management and conservation of threatened species such as sea turtles. Rekawa and Kosgoda have been identified as major Green Turtle nesting rookeries in Sri Lanka, and many minor rookeries have also been identified (Amarasooriya 2000) . Green Turtles from Rekawa and Kosgoda rookeries have migrated thousands of kilometers across the seas to the east and west of Sri Lanka (Ekanayake et al. 2013b; Richardson et al. 2013) . Although the Green Turtles nesting at these rookeries may be different populations, there is a high possibility of mixing within these populations or with nesting populations from other countries while at the feeding grounds or along migratory pathways. The Green Turtle population that nests at the Kosgoda Rookery of Sri Lanka has high genetic diversity. Despite its small size, its high genetic diversity will be vital to carry all the healthy useful characters to the progeny. If the Kosgoda Green Turtle population is declining, it is not due to genetic factors and hence, necessary actions should be taken to reduce natural and anthropogenic threats to the population. Although it was initially planned to carry out the study using all the major Green Turtle nesting sites in Sri Lanka, the permits (from the Department of Wildlife Conservation, Sri Lanka) were issued to collect samples only from the Kosgoda Rookery. Further genetic sampling and analysis is needed from other Green Turtle rookeries in the country to further understand the genetic diversity of the Green Turtles in Sri Lanka and determine if they are of different genetic stock.
The sea turtle population nesting at Rekawa has declined by ~60% during the last decade (Ekanayake et al. 2012) . Although a similar decline was not observed in the Green Turtle population nesting at the Kosgoda Rookery (Ekanayake et al. 2010 ), nesting population is small and they face many threats. Information about population structure is important in defining conservation priorities for this species, as the viability of a population is unlikely to be reduced if high genetic diversity is maintained.
